Internal Bubble Cooling Unit and Method for Extruded Thin Wall Thermoplastic Sheet 



Background of the Invention 

Field of the Invention: The invention resides in the field of apparatus and methods for the 
extrusion of thin wall thermoplastic sheet and more particularly relates to cooling the 
sheet as it emerges from the extrusion die. 

Description of the Prior Art: The extrusion of thin wall thermoplastic sheet for use, for 
example, as wrapping and bagging products is well known in the prior art. The technique 
employed is to utilize an annular extrusion die fed by an extruder of molten thermoplastic 
material to produce a tubular bubble which is then cooled and drawn off for use in 
manufacturing finished goods. 

In the process, a step known as internal bubble cooling is accomplished by 
placing a cooling tower forward of the die which acts as a heat exchanger by providing a 
means for introducing cooling air into the tubular bubble and withdrawing heated air 
from the same. A sheet of the desired material at ambient temperature is thus produced 
downstream of the die which may then be taken off by, for example, spooling into a roll. 

The apparatus used in this process, particularly the die head and cooling tower, is 
available from Hosokawa Alpine American, Natick, Massachusetts among others. 
The mechanical parameters of the structure requires that the air exchange be carried out 
by the use of pipes channels or the like which pass through the interior of the die and into 
the tubular bubble at the point at which the extrusion emerges from the die. A cooling 
tower is most often used to distribute the airflow about the bubble in a controlled manner. 

In all of the prior art devices used in the industry and known to the applicant, 
cooling air is introduced by a first channel formed on the interior of and next to the inner 
wall of the die and heated air is withdrawn through a second channel inside the first 
channel. That is, the heated air is withdrawn by a pipe or channel isolated from the inner 
surface of the die by the first channel supplying the cooling air to the bubble. 

Applicant's invention is to reverse the use of these coaxial passages. As described 
below, the innermost channel is now arranged to transport the cooling air and the channel 
closest to the die, the heated air. This method requires not only a reconnection or 



redirection of the hot and cold air streams but also a reconfiguration of the cooling tower 
when one is employed. 

Summary of the Invention 
The invention may be summarized as an apparatus and method for cooling thin 
wall thermoplastic sheet produced in the form of an extruded tubular bubble from an 
annular die head. In contrast to the prior art, cooling air is delivered to the interior of the 
bubble by a central pipe, channel, or similar conduit and heated air is withdrawn from the 
bubble by an additional separate conduit positioned between the central pipe and the die 
head. In standard practice, a cooling tower is positioned within the bubble forward of the 
die head and the pipes or channels are similarly positioned within the cooling tower. 

There are several advantages achieved by the invention in contrast to the prior art. 
In the prior art devices where the cooling air conduit is adjacent to the inner die wall, 
there is some transfer of heat from the die to the cooling air stream raising the cooling air 
stream temperature reducing the effective cooling capability thus slowing the output of 
the entire production process. 

Additionally, when the cooling air stream is adjacent to the die, the die itself is 
cooled which can cause, among other things, melt fracture or a roughening of the film 
surface. Finally, it is sometimes necessary to notch or put a flat spot in the outer pipe to 
allow provide a passage for wires for internal heaters. This can upset the cooling airflow 
making it non-uniform around the circumference of the die. This may result in uneven 
film thickness presenting difficulties with further use of the product. 

The above described features and advantages of the invention will be better 
understood from the description of the preferred embodiment taken with the drawings 
which follows. 

Description of the Drawing 

Fig. 1 is a perspective, cut away, partially schematic view of the preferred 
embodiment of the invention. 

Description of the Preferred Embodiment 

Referring first to Fig. 1, there is illustrated a perspective view of the preferred 
embodiment of the invention. Cooling tower 10 is shown mounted forward or atop of die 
head 1 2 which is supplied with an appropriate heated thermoplastic material by an 



extruder, not shown. In the process, die head 12 produces a continuous thin walled 
thermoplastic tubular bubble 14. Bubble 14, which completely surrounds tower 10, 
emerges in a heated state from slit port 16 extending completely around die head 12. 

The material is then cooled to ambient temperature to allow take off and further 
processing. A standard procedure is to provide a flow of cooling air to the interior of the 
bubble while simultaneously removing air heated by the cooling process. This has been 
accomplished in the past by the use of conduits such as pipes, ducts, channels, and the 
like extending through the die head and cooling tower. The prior art practice is to employ 
a coaxial arrangement in which the outermost channel contiguous to the inner wall of the 
die head is used to transport the cooling air and the inner channel is used to withdraw the 
heated air. 

In the present invention, the opposite is true, that is, pipe 18 extending through die 
head 12 and cooling tower 10 carries cooling air to chamber 20 of tower 10 which is 
routed through a series of internal ports to the exterior of the tower emerging into bubble 
14 at circumferential exit slit ports 22, 24, and 26. 

As shown, the internal cooling air distribution ports in tower 10 are positioned 
uniformly and repetitively about the tower in a horizontal plane. An example of a typical 
flow path is from chamber 20 to port 28 to port 30 to port 32 to chamber 34 to exit port 
22. A portion of the cooling air will further travel through port 36 to chamber 38 to port 
40 to chamber 42 to exit port 24. The arrangement of the ports and airflow process will 
similarly be repeated about the radius of the tower. 

As cooling air flows into the bubble, air heated by heat exchange must be 
withdrawn, and, in the invention, this takes place through pipe 44 which passes through 
die head 12 adjacent the inner wall 45 of the die head and surrounds cooling air pipe 18. 
Pipe 44 communicates with the interior of bubble 14 through ports 46 in cap 48 of tower 
10. As before, a plurality of ports and chambers form the path for the heated air 
withdrawal, beginning with port 46 to port 50 to chamber 52 to chamber 58 to pipe 44. 

To summarize the process, the above described apparatus provides the means to 
insert cooling air into an extruded thermoplastic bubble through a central conduit 
positioned on the interior of the extrusion die, and to withdraw heated air through an 
additional separate conduit positioned between the central conduit and the interior wall of 



the die. While the process may be carried out without the use of an additional cooling 
tower, one is most often employed and may be constructed in a variety of ways to 
achieve the purposes of the invention 



